Introduction
============

Hepatocellular carcinoma (HCC) is a frequently encountered malignancy throughout the world.[@b1-ott-11-7919] More than 70% of the world's new cases of HCC occur in Asia each year, and of these new cases, more than 50% of cases occur in China.[@b2-ott-11-7919] At present, early diagnosis, surgical resection, and gene therapy are primary HCC treatment modalities.[@b3-ott-11-7919],[@b4-ott-11-7919] However, HCC still makes up the second most common cause of cancer-related mortality, resulting in high morbidity and mortality because there is no effective treatment so far.[@b1-ott-11-7919],[@b4-ott-11-7919],[@b5-ott-11-7919] Although the diagnosis and treatment technology of HCC have developed considerably, the cure rate of HCC is still meager. Therefore, exploring the molecular mechanisms of HCC progression plays an important role in understanding HCC and developing appropriate treatment strategies.

In recent years, gene therapy has become an intense focus of research. Transporting tumor suppressor microRNAs (miRNAs) or inhibitors of some miRNAs via nanocarriers may be a new option for the treatment of cancer.[@b6-ott-11-7919] However, at present, the mechanism by which miRNAs play a regulatory role in tumors needs to be further studied. miRNAs represent a distinct group of non-coding RNA molecules and regulate gene expression.[@b7-ott-11-7919] A growing amount of evidence has shown that miRNA dysregulation is related to many human diseases and the proliferation and metastasis of various tumors, including HCC,[@b8-ott-11-7919],[@b9-ott-11-7919] breast cancer,[@b10-ott-11-7919],[@b11-ott-11-7919] lung cancer,[@b12-ott-11-7919],[@b13-ott-11-7919] colorectal cancer,[@b14-ott-11-7919],[@b15-ott-11-7919] and gastric cancer.[@b16-ott-11-7919],[@b17-ott-11-7919] Many miRNAs in HCC show deranged profiles, for example, microRNA 135a (miRNA/miR), miR-33a, miR-122, miR-18a, and miR-31.[@b8-ott-11-7919],[@b18-ott-11-7919],[@b19-ott-11-7919] Studies have shown that HCC cell invasion and migration can be promoted by miR-135a through regulation of expression fork-head box O1 expressions.[@b18-ott-11-7919] miR-33a downregulation correlates to chemotherapy resistance, tumorigenesis, poor patient prognosis.[@b20-ott-11-7919],[@b21-ott-11-7919] Several lines of evidence indicate that miRNA may possess significant regulatory effects on the development of HCC. The underlying mechanisms for the effects of miRNAs on HCC progression requires further investigation.

Dysregulation of miR-18a occurs in various tumors. It should be noted that miR-18a appears to exhibit different functions in different tumors. For instance, miR-18a can inhibit the progression of colorectal cancer by restraining K-Ras expression.[@b22-ott-11-7919] miR-18a suppresses T24 cell proliferation by targeting Dicer.[@b23-ott-11-7919] Otherwise, it has been reported that high circulating miR-18a expression in patients with non-small-cell lung cancer experienced poor prognoses.[@b24-ott-11-7919] miR-18a promotes HCC cell migration and invasion through inhibiting Dicer I expression in vitro.[@b25-ott-11-7919] Collectively, the role of miR-18a in tumors remains controversial. A study by Zhang et al[@b26-ott-11-7919] indicated that miR-18a may augment HCC proliferation. However, data regarding the role and prognostic value of miR-18a in HCC patients are scarce.

Therefore, the current investigation seeks to clarify the effects and prognostic value of miR-18a on HCC progression. In addition, potential mechanisms underlying miR-18a-mediated promotion HCC progression are also studied.

Materials and methods
=====================

Patients and tissue specimens
-----------------------------

This study included 123 patients with HCC diagnosed pathologically between January 2008 and December 2012 in Tianjin Third Center Hospital. None of the patient received preoperative therapy. Immediately after the samples were taken, the specimens were frozen in liquid nitrogen and stored at -80°C. All tissue specimens (both HCC tissues and adjacent healthy non-cancerous tissues) were harvested simultaneously. This study was approved by the Medical Ethics Committee of Tianjin Medical University (Ethical No TMUHMEC2015007), with the protocols in strict accordance to the Declaration of Helsinki. Written informed consent was sought from each patient prior to the procedure. After surgery, all patients included in our study were followed-up, and the survival information of the patients was obtained by telephone.

Cell culture and transfection
-----------------------------

Human HCC cell lines HepG2 and SMMC7721 and normal liver cell line LO2 were purchased commercially from Tianjin Medical University Cancer Institute and Hospital. DMEM or RPMI-1640 media (Corning Incorporated, Corning, NY, USA) containing 10% FBS (Hyclone, Logan, UT, USA) were used to maintain cells. Cells and media were kept in a 5% CO~2~ environment in a incubator at 37°C. The medium was replaced every 2 days. miR-18a mimic (Ribobio, Guangzhou, China), miR-18a inhibitor (Ribobio), and Bcl2L10-overexpressing plasmids (Genechem, Shanghai, China) were used to transfect HCC cell lines in order to regulate miR-18a and Bcl2L10 expressions.

Luciferase reporter system
--------------------------

The target of miR-18a was predicted by TargetScan 7.2 (Supplementary material for TargetScan) and miRPathDB database (Supplementary material for miRPathDB). First, in the prediction results of TargetSacn 7.2 and miRPathDB database, the results of the coincidence of the two databases or the genes with the evidence level of "strong" in the miRPathDB results are considered as possible targets for miR-18a. These targets were then imported into TargetScan 7.2 to further identify the relationship between miR-18a and the target gene by searching for possible upstream miRNAs. Bcl2L10 is one of the possible targets of miR-18a. To confirm the relationship between miR-18a and Bcl2L10, we performed a luciferase activity assay. The luciferase reporter system was constructed by Genechem as previously described.[@b27-ott-11-7919] Briefly, introduction of mutagenesis into the miR-18a binding site of Bcl2L10 mRNA was performed with the QuikChange Lightning Site-Directed Mutagenesis Kit (Stratagene, San Diego, CA, USA). A pGL3 luciferase vector (Promega Corporation, Fitchburg, WI, USA) was used to house the 3′-UTR fragment of wild-type (Wt) and mutant (Mut) Bcl2L10 mRNA. Subcloning was carried out with PCR. The vector was co-transfected with miR-18a mimic into HCC cell lines with transfection-enhancing reagent containing 5 µg/mL polybrene (Genechem) in 96-well plates for 12 hours. HCC cell lines were then cultured for 72 hours and lysed for subsequent luciferase assay, which was normalized against expression of renilla (Promega Corporation).

RNA extraction and quantitative real-time PCR (qRT-PCR)
-------------------------------------------------------

Total RNA extraction was performed with an RNA extraction kit (QIAGEN China Co. Ltd., Shanghai, China). About 1 µg of total RNA was added to a 20 µL system. The GoScript Reverse Transcription system (Promega Corporation) enabled us to reverse transcribe Bcl2L10 mRNA, and miR-18a using the stem-loop method (QIAGEN China Co. Ltd.). Relative expressions were normalized against U6 and GAPDH. The primer sequences were as follows: Bcl2L10: forward, 5′-TGGAGAAAACAGCTGGTCCA-3′, reverse, 5′-AACACTGGCCAAATCACCAC-3′; miR-18a: forward, 5′-GATAGCAGCACAGAAATATTGGC-3′, universal primer, 5′-TGGTGTCGTGGAGTCG-3′; GAPDH: forward, 5′-TGCACCACCAACTGCTTAGC-3′, reverse, 5′-GGCATGGACTGTGGTCATGAG-3′; U6: 5′-CTCGCTTCGGCAGCACA-3′, reverse, 5′-AACGCTTCACGAATTTGCGT-3′. PCR amplification was performed for 40 cycles, and the relative levels were measured in triplicate using the 2^−ΔΔCq^ method.

Wound scratch assay and transwell assay
---------------------------------------

The abilities of cells to migrate and invade were assessed by wound scratch assay and transwell assay with Matrigel (BD Biosciences, San Jose, CA, USA). For the wound scratch assay, the transfected cells were seeded in six-well plates and allowed to proliferate until 90% confluence was achieved. Serum starved media (1% FBS) was used to culture cells overnight. The next morning, the culture medium was aspirated and cells washed with PBS. Wounds were created with three parallel scratches drawn on the surface of the monolayer cells with a 1-mL pipette tip. Debris was removed through a PBS rinse, and cells were left to culture for another 24 hours. The distance between the wound edges were measured after the 24 hours. For the transwell assay, 200 µL of serum-free media containing 1×10^5^ cells were added into the upper chamber, and 600 µL of 10% FBS medium was added to the bottom chamber. After a 24 hour incubation period at 37°C, Matrigel was removed and cells that penetrated the Matrigel and reached the basement membrane were fixed in 4% paraformaldehyde and underwent a 10-minute staining with 0.1% crystal violet. An inverted microscope was used to count the cells (Olympus Corporation, Tokyo, Japan).

Cell proliferation assay
------------------------

A 96-well plate was used to seed the HepG2 and SMMC7721 cells at a density of 2×10^4^ cells/well. The proliferation of HCC cells was measured on days 0--5. Before the test, each well received the addition of 10 µL of cell counting assay-8 (CCK-8) solution (Dojindo Laboratories, Kumamoto, Japan). Absorbance at 450 nm was measured by a microplate reader (Bio-Rad Laboratories Inc., Hercules, CA, USA) after cells were left to incubate for 3 hours at 37°C.

Flow cytometry analysis
-----------------------

The impact of miR-18a on cell apoptosis and the cell cycles of HepG2 and SMMC7721 cells were analyzed with flow cytometry. For apoptosis experiments, cells were harvested and resuspended in 200 µL PBS. Propidium iodide (PI) and FITC-labeled Annexin V (BD Biosciences) were then added into the mixture and incubated for 30 minutes at room temperature. For cell cycle assay, the harvested cells were fixed in 70% pre-cooled ethanol. The samples were taken before DNA staining, and the supernatant was removed by centrifugation. After the samples were treated with RNAase (0.1 mg/mL; Sigma-Aldrich Co., St Louis, MO, USA) for 30 minutes, 1 mL of PI (50 µg/mL; Sigma-Aldrich Co.) was added, and flow cytometry analyses was performed to assess the distribution of cells in each phase of the cell cycle.

Western blot analysis
---------------------

Western blot was carried out as described in our previous study.[@b28-ott-11-7919] Briefly, total protein of HCC cells and tissues together with healthy liver tissues were lysed with RIPA lysate (containing protease inhibitors and phosphatase inhibitors, 1%) in order to extract the total protein. About 40 µg of total protein in each sample was added to a sample well of a 10% sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) and electrophoresed. Separated proteins were then blotted onto a polyvinylidene fluoride membrane (EMD Millipore, Billerica, MA, USA). Membranes containing the imprinted protein were blocked with 0.5% bovine serum albumin for 2 hours, then the membrane was incubated with anti-Bcl2L10 (1:1,500; Cell Signaling Technology \[CST\], Danvers, MA, USA) or anti-β-actin (1:3,000; CST) antibodies overnight at 4°C. The next day, the membranes were rinsed thrice and further left to incubate with diluted secondary horseradish peroxidase-marked antibodies (1:3,000; CST) for 1 hour at room temperature. An enhanced chemiluminescence detection kit (EMD Millipore) was used to detect immunoreactive protein bands. Images were captured by ImageJ (National Institute of Mental Health, Bethesda, MR, USA).

Immunohistochemistry assay
--------------------------

The HCC tissues and adjacent healthy tissues were fixed in 4% paraformaldehyde, embedded in paraffin and sliced into 4 µm sections. Dehydration was carried out with xylene and a gradient of ethanol solution. Distilled water was used to wash the sections before endogenous peroxidase blocking was carried out with a 3% H~2~O~2~ solution. The heated sodium citrate solution (92°C--95°C, 10 nM, pH 6.0) was used to repair the antigens for 5 minutes. After rinsing the sections twice with PBS, the sections were exposed to 1% goat serum at room temperature for 2 minutes to block the sections. Rabbit antihuman Bcl2L10 antibody (1:150; Cell Signaling Technology) was applied onto the sections and left overnight to incubate at 4°C. Phosphate-buffered saline was used to wash the sections for three times prior to the addition of the secondary antibody. Freshly prepared diaminobenzidine was then added to each section after an hour of incubation at room temperature. The final step involved re-staining with hematoxylin and cell dehydration and sealing. A light microscope (Leica Microsystems, Wetzlar, Germany) was used to visualize slides, and brown particles in the cytoplasm or cytomembranes were taken to indicate positive staining.

Statistical analysis
--------------------

All data were expressed in terms of mean ± SD. The relationship between miR-18a and clinical pathology features of patients with HCC was analyzed by the chi-squared test. Kaplan--Meier and log-rank tests were carried out to determine how varying miR-18a expression levels affected HCC patient survival. The prognostic value of miR-18a was determined by Cox regression analysis. Continuous data were analyzed using a *t*-test or one-way ANOVA. The correlation between miR-18a and Bcl2L10 was analyzed utilizing Spearman or Pearson correlation analysis. All statistical analyses were carried out with the SigmaPlot software (SPSS 19.0; IBM Corporation, Armonk, NY, USA). A *P*-value of \<0.05 was taken to indicate statistical significance. All values are the representative of three separate experiments.

Results
=======

Overexpression of miR-18a in HCC tissues and HCC cell lines
-----------------------------------------------------------

We sought to document the variations in miR-18a expression among HCC tissues, pair-matched adjacent healthy tissues, and HCC cells. Analysis revealed that the HCC cells and tissues possessed higher miR-18a expressions compared to the control groups (*P*\<0.001) ([Figure 1A and B](#f1-ott-11-7919){ref-type="fig"}).

Increased miR-18a in HCC tissues was associated with disease progression and metastasis
---------------------------------------------------------------------------------------

We further sought to confirm the clinical significance of miR-18a with regard to HCC prognosis. Patients with HCC were divided into groups based on their mean relative miR-18a expression (4.193), resulting in two groups who had either low expressions (n=64) or high expressions (n=59). Chi-squared test results showed that the expression of miR-18a expression correlated with the serum level of AFP (*P*=0.023), tumor size (*P*\<0.001), TNM stage (*P*\<0.001), and intrahepatic vascular invasion (*P*\<0.001). Age and gender were not significantly correlated to miR-18a expression levels (*P*\>0.05) ([Table 1](#t1-ott-11-7919){ref-type="table"}). As shown in [Figure 1C](#f1-ott-11-7919){ref-type="fig"}, the Kaplan--Meier survival curves indicated that patients who had raised expressions of miR-18a experienced poorer overall survival rates in contrast to those who had low expressions of miR-18a (log-rank *P*\<0.001). Furthermore, we analyzed the effect of miR-18a expression and other clinical features on overall survival prognosis in patients with HCC by Cox regression analysis. Results indicated that miR-18a expression (Exp(B) =2.017, 95% CI =1.137--3.578, *P*=0.017), TNM stage (Exp(B) =4.396, 95% CI =0.164--0.527, *P*\<0.001), and intrahepatic vascular invasion (Exp(B) =0.294, 95% CI =1.987--9.728, *P*\<0.001) were independent prognostic factors for HCC ([Table 2](#t2-ott-11-7919){ref-type="table"}).

miR-18a promoted proliferation, migration, and invasion of HCC cells
--------------------------------------------------------------------

We next investigated the in vitro effects of miR-18a on HCC cells. miR-18a mimic, inhibitor, or their negative control (NC) were used to regulate miR-18a level in HepG2 and SMMC7721 cell lines. The efficiency of miR-18a mimic and inhibitor was confirmed with qRT-PCR. As shown in [Figure 2A](#f2-ott-11-7919){ref-type="fig"}, the miR-18a expression was raised in HCC cells transfected with the miR-18a mimic (*P*\<0.01) but reduced in cells that were transfected with the miR-18a inhibitor (*P*\<0.05) compared with the NC miRNA.

A CCK-8 assay was performed to explore the impact of miR-18a expression on the proliferation of HepG2 and SMMC7721 cells. As shown in [Figure 2B](#f2-ott-11-7919){ref-type="fig"}, overexpressing miR-18a promoted the proliferation of HepG2 and SMMC7721 HCC cells (*P*\<0.05). In contrast, significant inhibition of cell proliferation was noted in cells transfected with miR-18a inhibitor (*P*\<0.01). Furthermore, the effects of miR-18a on HCC cell cycle progression and apoptosis were analyzed by flow cytometry. The overexpression of miR-18a inhibited the apoptosis of HCC cell lines, while the apoptosis rate was markedly raised after miR-18a knockdown (*P*\<0.05) ([Figure 2C](#f2-ott-11-7919){ref-type="fig"}). Analysis of proportion of cells in each cell cycle showed that the percentage of S phase was increased and G0/G1 phase was decreased after miR-18a overexpression in HCC cell lines, whereas knockdown of miR-18a resulted in a decrease in the percentage of cells in the S phase and increased those in the G2/M phase ([Figure 2D](#f2-ott-11-7919){ref-type="fig"}). Collectively, these data indicated that overexpression of miR-18a promoted HCC progression, and knockdown of miR-18a could repress HCC cell-induced apoptosis and proliferation.

How miR-18a affected HCC cell migration and invasion were investigated with a wound scratch assay and transwell assay. The open wound area was quantified as a "mean % migration distance." As shown in [Figure 3A and B](#f3-ott-11-7919){ref-type="fig"}, elevated miR-18a expressions markedly raised HCC cell invasion and migration (all *P*\<0.05), whereas downregulation of miR-18a decreased the invasion and migration of HepG2 and SMMC7721 cells. These findings indicate that HCC progression may be regulated by miR-18a through stimulation of HCC cell metastasis (all *P*\<0.05).

Bcl2L10 was a direct target of miR-18a in HCC cells
---------------------------------------------------

To explain how miR-18a promoted HCC progression, TargetScan 7.2 and miRPathDB databases were used to identify potential miR-18a gene targets. The prediction results revealed that Bcl2L10 was a potential miR-18a target in human tissues. A luciferase reporter assay was then carried out to determine if Bcl2L10 is a direct target of miR-18a in HCC cells. The 3′-UTR regions of Bcl2L10 containing the predicted binding site of miR-18a (Bcl2L10 3′UTR-Wt) or the mutant site (Bcl2L10 3′UTR-Mut) were cloned into a luciferase vector ([Figure 4A](#f4-ott-11-7919){ref-type="fig"}). Luciferase activity results showed that luciferase activities of Bcl2L10-3′-UTR-Wt reporter miR-18a mimic were significantly attenuated in both cell lines (*P*\<0.001), while no inhibitory effects on the luciferase activity of Bcl2L10-3′-UTR-Mut reporter in HCC cells was seen (*P*\>0.05) ([Figure 4B](#f4-ott-11-7919){ref-type="fig"}).

Besides, we detected mRNA and protein level of Bcl2L10 in HCC tissues. [Figure 4C](#f4-ott-11-7919){ref-type="fig"} shows that the mRNA level of Bcl2L10 was higher in adjacent no-tumor tissues than in HCC tissues (*P*\<0.01). In addition, we determined the protein levels of Bcl2L10 by immunohistochemistry and Western blot. As shown in [Figure 4D and E](#f4-ott-11-7919){ref-type="fig"}, Bcl2L10 protein was markedly diminished in HCC tissues (*P*\<0.01). Spearman correlation analysis showed that the Bcl2L10 mRNA expres­sion correlated negatively with miR-18a expressions in HCC tissues ([Figure 4F](#f4-ott-11-7919){ref-type="fig"}).

miR-18a inhibits Bcl2L10 expression in HCC cells
------------------------------------------------

The results of luciferase reporter assay have suggested that miR-18a may directly target Bcl2L10 in HCC cells. Therefore, to validate how miR-18a affected Bcl2L10 expressions in HCC cells, Bcl2L10 mRNA and protein levels in transfected HCC cells were examined by qRT-PCR and Western blot. We confirmed that overexpressing miR-18a strongly decreased Bcl2L10 mRNA and protein level in HepG2 and SMMC7721 cells (*P*\<0.01) ([Figure 5A and B](#f5-ott-11-7919){ref-type="fig"}). Conversely, when miR-18a was knocked down, the expression of Bcl2L10 was raised in both the cell lines (*P*\<0.01), indicating that miR-18a may promote the progression of HCC by inhibiting the expression of Bcl2L10.

Overexpression of Bcl2L10 partially reversed the effect of miR-18a in HCC cells
-------------------------------------------------------------------------------

To test whether Bcl2L10 can offset the effect of miR-18a in HCC cells, we transfected Bcl2L10 plasmids to the HCC cell lines and further analyzed the proliferative, invasive, and migratory abilities of HCC cell lines. [Figure 6A](#f6-ott-11-7919){ref-type="fig"} shows that the mRNA and protein expressions of Bcl2L10 markedly increased in the two cell lines after transfected with Bcl2L10 plasmids (*P*\<0.001).

A CCK-8 assay was carried out to detect the effect of Bcl2L10 on the proliferation of miR-18a mimic transfected HCC cells. [Figure 6B](#f6-ott-11-7919){ref-type="fig"} demonstrates that an overexpression of Bcl2L10 in miR-18a transfected HCC cells significantly diminished HCC cell proliferation, in comparison with miR-18a transfected cells. However, Bcl2L10 cannot completely reverse the pro-proliferative effect of miR-18a on HCC cells. Moreover, increased Bcl2L10 expressions in miR-18a transfected HCC cells induced apoptosis of HCC cells (*P*\<0.05) ([Figure 6C](#f6-ott-11-7919){ref-type="fig"}) and reduced the proportion of cells in the S phase (*P*\<0.05) ([Figure 6D](#f6-ott-11-7919){ref-type="fig"}).

Lastly, we sought to document the impact of Bcl2L10 on invasion and migration of HepG2 and SMMC7721 cells. In contrast to the miR-18a mimic group, the invasive and migratory abilities of HepG2 and SMMC7721 cells in the Bcl2L10+ miR-18a mimic group were inhibited (*P*\<0.05), but were still higher than the control group ([Figure 7A and B](#f7-ott-11-7919){ref-type="fig"}), indicating that Bcl2L10 can partially reverse pro-migratory and pro-invasive properties of miR-18a on HCC cells.

Discussion
==========

miRNA dysregulation occurs in several diseases, especially tumors. Therefore, miRNAs may become potential targets for the development of future chemotherapeutic medications. Although there are still many problems to be resolved in miRNA-based targeted therapy, such as low transfection efficiency and high toxicity, a novel nanomaterial carrier-based research has made great progress in overcoming these hurdles.[@b29-ott-11-7919],[@b30-ott-11-7919] Therefore, studying the clinical significance and function of miRNA along with its possible mechanisms of action may contribute greatly toward the gene therapy in cancer. Many studies have demonstrated that miRNA dysregulation plays an essential role in HCC tumorigenesis and progression.[@b31-ott-11-7919]--[@b34-ott-11-7919] Although miRNA overexpression or downexpression have both been proved to contribute to HCC tumorigenesis and progression, the prognostic value of miRNAs and potential mechanisms still need to be further studied. Here in our present study, we focus on miR-18a, a potential screening biomarker for HCC.[@b35-ott-11-7919] We demonstrated that elevated expressions of miR-18a in HCC tissues was related to cancer progression and poor patient prognosis. In vitro experiments revealed miR-18a to be a promotor for HCC cell invasion, migration, and proliferation by inhibiting Bcl2L10, indicating that miR-18a possesses a decisive function in dictating the progression of HCC.

miR-18a dysregulation is associated with a myriad of conditions and functions as a crucial mediator of tumor progression.[@b24-ott-11-7919],[@b36-ott-11-7919]--[@b39-ott-11-7919] For example, miR-18a is associated with breast cancer resistance to trastuzumab[@b40-ott-11-7919] and promoting tumor progression.[@b41-ott-11-7919],[@b42-ott-11-7919] These results may indicate that miR-18a is an essential miRNA in tumors. Existing literature has demonstrated an increase in miR-18a levels in HCC cell lines and tissues, further supporting the functions of miR-18a in HCC progression.[@b26-ott-11-7919],[@b43-ott-11-7919] However, the prognostic value has rarely been reported until now. As miR-18a may act as a biomarker in HCC, we first explored the association between miR-18a expression and clinical characteristics of HCC patients. We collected HCC tissues and pair-matched adjacent healthy liver tissues of 123 patients with primary HCC and detected miR-18a expression using qRT-PCR. Similarly, the results of our research show that miR-18a expressions were raised in HCC tissues in contrast to healthy cells. Moreover, miR-18a expressions were found to be linked with AFP level, TNM stage, tumor size, and intrahepatic vascular invasion. Since HCC tissues demonstrate a marked increase in miR-18a expressions, we further explored the effect of miR-18a expression on patient prognosis. Kaplan--Meier analysis showed that patients with higher expression of miR-18a had significantly shorter survival time compared to low-expressing miR-18a HCC patients. miR-18a was found to be an independent prognostic factor for patients with HCC as shown by multivariable COX regression analysis.

Tumor proliferation and metastasis are essential for tumor progression. Consistent with previous studies, miR-18a expression was much higher in HCC cell lines compared with normal liver cells LO2. To explore the in vitro function of miR-18a in HCC in vitro, miR-18a mimic and miR-18a inhibitor were used to regulate miR-18a expression in HCC cells. HCC cell invasion, migration, and proliferation were analyzed after being transfected with either a mimic or an inhibitor. Overexpressed miR-18a significantly promoted the proliferation, invasion, and migration abilities of SMMC7721 and HepG2 cells. Conversely, knockdown miR-18a inhibited cell invasion, migration, and proliferation. In addition, overexpression of miR-18a can inhibit the apoptosis of HepG2 and SMMC7721 cells and promote more cells to undergo the S phase transition, whereas knockdown expression of miR-18a can promote the apoptosis of HepG2 and SMMC7721 and induce G2/M arrest of HCC cell lines. Collectively, our findings support our hypothesis that miR-18a is able to promote HCC progression.

Many studies have demonstrated that miRNAs mainly participate in post-transcriptionally regulated gene expression by attaching to the 3′-UTR region of mRNA, leading to translational repression or mRNA degradation. Therefore, we hypothesized that miR-18a might affect HCC cell proliferation, migration, and invasion through targeting of downstream genes expression. Potential targets of miR-18a were predicted with TargetScan 7.2 and miRPathDB databases, which revealed Bcl2L10 to be a potential miR-18a target in human tissues. Some studies have revealed that Bcl2L10 may have a tumor suppressing function. For instance, Bcl2L0 binds to IRBIT and promotes cell apoptosis.[@b44-ott-11-7919] In gastric cancer, Bcl2L10 inhibits gastric cancer proliferation and induces apoptosis through a variety of mechanisms.[@b45-ott-11-7919] Previous studies have reported that HCC cell migration and proliferation may be attenuated by Bcl2L10.[@b46-ott-11-7919] We considered that miR-18a might affect the biological behavior of HCC by affecting the expression of Bcl2L10. A luciferase reporter assay was done to confirm that miR-18a directly targeted Bcl2L10 in HCC cells. Results demonstrated that miR-18a directly targeted Bcl2L10 in HCC cells and can be post-transcriptionally inhibited by miR-18a. To confirm that miR-18a could regulate Bcl2L10 expression, we quantified Bcl2L10 protein and mRNA expressions in HCC tissues and miR-18a mimic-transfected HCC cell lines. Both Bcl2L10 protein and mRNA expressions in HCC tissues were decreased in contrast to healthy tissues. Correlation analysis demonstrated miR-18a levels to be negatively correlated with Bcl2L10 mRNA expressions. Similarly, in HepG2 and SMMC7721 cells, miR-18a mimic transfection of SMMC7721 and HepG2 cells resulted in much lower protein and mRNA expressions of Bcl2L10. These findings indicate that Bcl2L10 was targeted directly by miR-18a in HCC. Inhibiting Bcl2L10 expression by miR-18a may be a potential promotor for HCC progression.

To further confirm if Bcl2L10 represented a credible downstream mediator of miR-18a in promoting HCC cell proliferation and migration, we further transferred Bcl2L10 plasmids to HCC cells to induce Bcl2L10 expression in miR-18a transfected HCC cells. Results showed that Bcl2L10 partially reversed miR-18a effects on cell invasion, migration, and proliferation. Together, miR-18a may promote HC cell invasion, migration, and proliferation by acting on Bcl2L10. However, these results do not entirely explain the only partial reversal of miR-18a effects by Bcl2L10. One possible reason is that miR-18a may act on multiple targets simultaneously. For example, Liu et al have reported that miR-18a might promote HCC proliferation and metastasis by targeting KLF4.[@b47-ott-11-7919] Their research shows that HCC cell migration and proliferation is promoted by miR-18a through targeting of the KLF4 molecule. KLF4 is a transcription factor of the KLF family with a zinc finger structure and plays an important role in cell differentiation and development. In addition to inducing HCC cell migration and proliferation, miR-18a also inhibited apoptosis and initiated cell cycle transition. Overexpression of Bcl2L10 can promote apoptosis of HepG2 and SMMC7721 cells. In conclusion, we found that miRNA may act on different targets and exert different biological effects and we discovered a new target of miR-18a in HCC cells in our current investigation. Moreover, this may also suggest why Bcl2L10 only partially reverses the effect of miR-18a in HCC cell lines. The function of miR-18a in HCC still need to be further studied.

Conclusion
==========

We discovered a new target for miR-18a to regulate the prognosis of HCC. Increased miR-18a expression predicts a poor prognosis of patients with HCC. miR-18a augments HCC metastasis and proliferation through Bcl2L10. Overexpression of Bcl2L10 partially reverses the effect of miR-18a on HCC. Therefore, reducing the expression of miR-18a in HCC cells or increasing the expression of its downstream target gene Bcl2L10 may both be effective methods for treating HCC.
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![Differential expression of miR-18a in HCC tissues and HCC cell lines.\
**Notes:** (**A**) miR-18a expression was much higher in HCC tissues compared with adjacent non-tumor tissues (*P*\<0.001). (**B**) miR-18a expression was much higher in HepG2 and SMMC7721 cell lines compared with normal liver cell LO2 (*P*\<0.001). (**C**) Kaplan--Meier analyses of the correlations between miR-18a expression and overall survival of 123 patients with HCC (log-rank *P*\<0.001). Data were represented as mean ± SD. \*\*\**P*\<0.001.\
**Abbreviations:** HCC, hepatocellular carcinoma; miR-18a, microRNA-18a.](ott-11-7919Fig1){#f1-ott-11-7919}

![Effect of miR-18a on the proliferation of HCC cells.\
**Notes:** (**A**) miR-18a mimic increased miR-18a level (*P*\<0.01 in the HepG2 cell and *P*\<0.001 in the SMMC7721 cell) and miR-18a inhibitor decreased miR-18a level (*P*\<0.05) in HCC cell lines. (**B**) Upregulation of miR-18a in HCC cells facilitated cell proliferation while downregulation of miR-18a inhibited cell proliferation. (**C**) Cell apoptosis rate was detected by flow cytometry after transfection with miR-18a inhibitor or miR-18a mimic. (**D**) The proportion of cells in each cell cycle phase was detected using flow cytometry after the cells were transfected with miR-18a inhibitor or miR-18a mimic. Data were reported as mean ± SD. \**P*\<0.05, \*\**P*\<0.01, and \*\*\**P*\<0.001.\
**Abbreviations:** HCC, hepatocellular carcinoma; miR-18a, microRNA-18a; NC, negative control; PI, propidium iodide.](ott-11-7919Fig2){#f2-ott-11-7919}

![Effect of miR-18a on migration and invasion of HCC cells in vitro.\
**Notes:** (**A**) The effect of miR-18a on cell migration was determined by a wound scratching assay. Cell migration capacity of miR-18a mimic transfected HCC cells was promoted (*P*\<0.05), whereas cell migration capacity of miR-18a inhibitor transfected HCC cells was inhibited (*P*\<0.05). Scale bars =200 µm; magnification 40×. (**B**) After transfection of cells with miR-18a, the ability of cells to pass through the basement membrane was enhanced (*P*\<0.001). In contrast, after transfecting cells with miR-18a inhibitor, the ability was inhibited (*P*\<0.001). Scale bars =20 µm; magnification 100×. Data were reported as mean ± SD. \*\*\**P*\<0.001.\
**Abbreviations:** HCC, hepatocellular carcinoma; miR-18a, microRNA-18a; NC, negative control.](ott-11-7919Fig3){#f3-ott-11-7919}

![Bcl2L10 was a direct target of miR-18a.\
**Notes:** (**A**) The predicted binding site of miR-18a in the 3′-UTR of Bcl2L10. (**B**) miR-18a mimic significantly inhibited the luciferase activities of Bcl2L10-3′-UTR-Wt reporter in both cell lines (*P*\<0.001), while it exhibited no inhibitory effects on the luciferase activities of Bcl2L10-3′-UTR-Mut reporter in HCC cells (*P*\>0.05). (**C**) The mRNA expression of Bcl2L10 was much lower in HCC tissues compared with adjacent non-tumor tissues (*P*\<0.001). (**D**) Immunochemistry showed that the protein expression of Bcl2L10 was much lower in HCC tissues than that in adjacent non-tumor tissue (*P*\<0.01). Scale bars =20 µm. (**E**) Western blot analysis revealed that the protein expression of Bcl2L10 was higher in adjacent non-tumor tissues than in HCC tissues (*P*\<0.01). (**F**) miR-18a expression negatively correlated with Bcl2L10 mRNA expression in HCC tissues (R[@b2-ott-11-7919]=0.405, *P*\<0.01, correlation coefficient =−0.636). Data were reported as mean ± SD. \*\**P*\<0.01 and \*\*\**P*\<0.001.\
**Abbreviations:** HCC, hepatocellular carcinoma; miR-18a, microRNA-18a; Bcl2L10, Bcl2 like 10; Wt, wild-type; Mut, mutant.](ott-11-7919Fig4){#f4-ott-11-7919}

![Effect of miR-18a on the expression of Bcl2L10 in vitro.\
**Notes:** (**A**) Upregulation of miR-18a decreased Bcl2L10 mRNA level, while downregulation of miR-18a increased Bcl2L10 mRNA level in HCC cells (*P*\<0.001). (**B**) Western blot analysis revealed that the protein expression of Bcl2L10 was decreased in the miR-18a mimic transfected HCC cells (*P*\<0.05) and was increased in the miR-18a inhibitor transfected cells (*P*\<0.05). Data were reported as mean ± SD. \**P*\<0.05 and \*\*\**P*\<0.001.\
**Abbreviations:** HCC, hepatocellular carcinoma; miR-18a, microRNA-18a; Bcl2L10, Bcl2 like 10; NC, negative control.](ott-11-7919Fig5){#f5-ott-11-7919}

###### 

Overexpression of Bcl2L10 partially reversed the function of miR-18a on HCC cell proliferation in vitro.

**Notes:** (**A**) The Bcl2L10 plasmids promoted the mRNA and protein expression of Bcl2L10 in HCC cells (*P*\<0.001). (**B**) Overexpression of Bcl2L10 partially reversed the effect of miR-18a on HCC cell proliferation (*P*\<0.05). (**C**) Cell apoptosis rate was detected by flow cytometry after transfection with miR-18a mimic or miR-18a mimic + Bcl2L10 plasmids. (**D**) The proportion of cells in each cell cycle phase was detected using flow cytometry after cells were transfected with miR-18a mimic or miR-18a mimic + Bcl2L10 plasmids. Data were reported as mean ± SD. \**P*\<0.05 and \*\*\**P*\<0.001.

**Abbreviations:** HCC, hepatocellular carcinoma; miR-18a, microRNA-18a; Bcl2L10, Bcl2 like 10; PI, propidium iodide.

![](ott-11-7919Fig6)

![](ott-11-7919Fig6a)

![Overexpression of Bcl2L10 partially reversed the function of miR-18a on HCC cell migration and invasion in vitro.\
**Notes:** (**A**) Bcl2L10 decreased the migration ability of miR-18a transfected HCC cells in vitro. Scale bars =200 µm; magnification 40×. (**B**) Bcl2L10 inhibited the invasion capacity of miR-18a transfected HCC cell in vitro. Scale bars =20 µm; magnification 100×. Data were reported as mean ± SD. \*\**P*\<0.01 and \*\*\**P*\<0.001.\
**Abbreviations:** HCC, hepatocellular carcinoma; miR-18a, microRNA-18a; Bcl2L10, Bcl2 like 10.](ott-11-7919Fig7){#f7-ott-11-7919}

###### 

Associations of miR-18a with the clinical pathology features of HCC patients

  Features                         Total   miR-18a expression   *P*-value   
  -------------------------------- ------- -------------------- ----------- ---------------------------------------------------
                                                                            
  Gender                                                                    0.835
   Male                            97      47                   50          
   Female                          26      12                   14          
  Age, year                                                                 0.945
   ≤50                             33      16                   17          
   \>50                            90      43                   47          
  AFP                                                                       0.023[\*](#tfn1-ott-11-7919){ref-type="table-fn"}
   \<400 ng/mL                     30      9                    21          
   ≥400 ng/mL                      93      50                   43          
  TNM stage                                                                 \<0.001
   I--II                           62      7                    55          
   III--IV                         61      52                   9           
  Tumor size                                                                \<0.001
   ≤5 cm                           53      6                    47          
   \>5 cm                          70      53                   17          
  Intrahepatic vascular invasion                                            \<0.001
   Yes                             64      45                   19          
   No                              59      14                   45          

**Note:**

*P*\<0.05.

**Abbreviations:** AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; miR-18a, microRNA-18a.

###### 

Cox regression analysis for miR-18a in HCC

  Variables                        Multivariable analysis                  
  -------------------------------- ------------------------ -------------- ---------------------------------------------------
                                                                           
  miR-18a                          2.017                    1.137--3.578   0.017[\*](#tfn3-ott-11-7919){ref-type="table-fn"}
  Age, year                        1.238                    --             0.659
  Gender                           0.195                    --             0.266
  Tumor size                       2.485                    --             0.115
  TNM stage                        4.396                    0.164--0.527   \<0.001
  AFP                              0.434                    --             0.510
  Intrahepatic vascular invasion   0.294                    1.987--9.728   \<0.001

**Note:**

*P*\<0.05.

**Abbreviations:** AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma.
